To evaluate the hypothesis that failed osteosynthesis of periprosthetic Vancouver type B1 fractures can be treated successfully with stem revision using a transfemoral approach and a cementless, modular, tapered revision stem with reproducible rates of fracture healing, stability of the revision stem, and clinically good results.
Post-operative periprosthetic fractures of the femur occur in less than 1% of primary hip arthroplasties and between 1.5% and 18% of revision hip arthroplasties. [1] [2] [3] [4] Of the different classification systems for periprosthetic femoral fractures, the Vancouver classification is widely used. 5 It defines the site of the fracture, the quality of the stem fixation, and the quality of the bone itself. When the fracture occurs around a well-fixed prosthesis (Vancouver type B1 fractures) osteosynthesis is recommended. 6 This is usually performed using osteosynthesis plating systems. In recent years, the preference has been for locking plates. 7 However, some failures and plate breakages have been observed with a frequency ranging from 0% to 25%, depending on the study, despite appropriately performed surgery. 8 These failures are related to the nature of the original fracture and/or to the quality of the bone at the fracture site. Additionally, misclassification of Vancouver B2 fractures with loose stems as Vancouver B1 fractures, is one of the most common causes for failure of osteosynthesis. [6] [7] [8] [9] [10] In an analysis of the Swedish prosthesis register, Lindahl et al 9 found a frequency of failure of 6.6%, while in a meta-analysis, Dehgan et al 10 observed a frequency of failure of 5%.
To date there has been no consensus regarding the best method of treatment for such failures of osteosynthesis. The options include reosteosynthesis with two plates, one plate and a strut graft, or a change in technique that involves revision of the prosthesis using a cementless prosthesis with the fixation zone distal to the fracture. To our knowledge, there are no published reports that address these different options. We favour a procedural change when osteosynthesis fails following a Vancouver B1 fracture, and prefer to revise the prosthesis using a transfemoral approach with a revision prosthesis that provides distal HIP SUPPLEMENT TO THE BONE & JOINT JOURNAL fixation, as the frequency of complications and failures associated with revision endoprostheses is generally much lower than that reported for osteosynthesis procedures in periprosthetic fractures. 11 However, a systematic study of this technique has not yet been published.
This study is designed to answer the following questions regarding this change in methodology:
-what is the rate of fracture healing? -how great is the rate of subsidence of the revision prosthesis?
-how high is the complication rate? -what are the Harris Hip Scores (HHS) 12 that can be achieved following this procedure?
Patients and Methods
Between July 2004 and July 2014, all 14 B1 fractures of the hip with failed plated osteosynthesis were revised using the modular cementless tapered curved revision stem made of titanium, Revitan Curved (Zimmer Biomet GmbH, Winterthur, Switzerland), via a modified transfemoral approach. These fractures occurred in 11 women and three men with a mean age of 72.4 years (standard deviation (SD) 13.5; 65 to 90) and were followed prospectively for at least 24 months. The original stems were cemented in ten patients and cementless in four (two revision stems), 5.9 years (SD 4.1; 1 to 10) before the periprosthetic fracture occurred (Fig. 1a , Table I ). The reason for the primary total hip arthroplasty (THA) was osteoarthritis in nine patients, rheumatoid arthritis in four patients, and osteonecrosis of the femoral head in one. At the primary THA an anterolateral approach was used in three, the transgluteal approach in six and the posterolateral approach in five patients. The fracture pattern of the periprosthetic fracture was transverse in eight and oblique in six hips. The initial osteosynthesis was performed with a single plate in four fractures, a single locking plate in eight and double plate in two (Table  I) . At the time of the revision surgery the mean body mass index was 27.7 kg/m 2 (SD 5.0; 20.9 to 35.4). At revision following failed osteosynthesis, the stability of the stem was confirmed pre-operatively (radiologically) and intra-operatively before removal of the stem. For removal of the well-fixed femoral stem, a modified transfemoral approach was used. [13] [14] [15] As described previously, the length of the bony flap, the fixation zone of the revision stem in the isthmus of the femur (endosteal contact of the stem on both sides of the isthmus), and the anticipated distal and proximal modular implant components were determined during pre-operative planning with templates on the anteroposterior (AP) radiographs.
14 Using the curved Revitan stem, press-fit-fixation in the isthmus of the femur was attained after reaming the femoral canal with flexible reamers and creating a conical fixation bed using curved conical rasps. The distal fluted component of the curved modular stem with a taper of 2° was inserted into this conical bed created at the isthmus, to obtain a solid cone-in-cone press-fit fixation. Previous studies have shown that the Revitan stem required a distal fixation zone in the isthmus of at least 3 cm to obtain sufficient distal press-fit fixation of the stem. 13, 16, 17 Therefore, we measured the length of the intact isthmus available to bypass the fracture and for distal fixation of the stem in the isthmus during pre-operative planning, using the AP radiographs. If this length was less than 3 cm the decision was made for additional stem fixation using interlocking screws as described previously. 17 During surgery using an extended posterolateral approach, the proximal fragment was osteotomised laterally, slightly ventral to the linea aspera of the femur extending down to the fracture site. This enabled us to ensure that the distal stem fixation bypassing the fracture was not compromised by contact of the prosthetic stem in the proximal femur. The mean length of the bony flap, which was defined by the distal end of the fracture, was 165.6 cm (SD 48.4; 150 to 230). After removing the stem there were ten cases of Paprosky Type 3A-defects 18 and four cases of Paprosky Type 3B-defects, 18 where the distal fixation zone was less than 3 cm because the fracture extended into the isthmus of the femur. In the patients with Paprosky Type 3B-defects, a longer stem with fixation into the rest of the isthmus was implanted. Additionally, three distal interlocking screws were inserted to improve distal fixation using the prosthetic alignment guide as described in previous publications. 13, 14, 16, 17 After connecting the proximal modular component of the correct length in situ, the bony flap was closed and held in position using double-looped 1.5 mm diameter cerclage wires as described previously (Figs 1b to 1d) . 13, 14, 16, 17 The acetabular component insert was always changed to a new elevated inlay with an inner diameter of 32 mm.
During the post-operative period, we recommended that the operated leg was partially loaded with 10 kg for a total of six weeks, and thereafter weight-bearing was gradually increased by 10 kg each week. In five elderly patients this protocol could not be followed, thus full weight-bearing was performed. In order to prevent movement of the bony flap the hip was only flexed up to 70° for six weeks postoperatively. The distal interlocking screws were not removed in those patients where they were required. All patients were examined clinically and radiologically before the operation, and monthly thereafter, until fracture healing was seen radiologically, every three months during the first post-operative year, and every six months in the next year, followed by a yearly follow-up examination. The mean follow-up was 52.2 months (SD 30.9; 24 to 144). The clinical outcome was assessed on the basis of the HHS. Clinical evidence (no pain with weight-bearing, palpation or stressing of the site) and radiographic evidence (bridging callus) were used to determine the time of fracture healing as described by Levine et al. 19 All radiographic assessments were performed independently by the two authors twice, with an interval between each review of one week. Standardised images of the hip with the femur in two planes (the AP view was performed in a standing position) were performed with a standard tube to cassette distance of 115 cm. Using the prosthetic head diameter as a reference, all measurements in a sequence of radiographs were corrected for magnification. All post-operative radiographs were analysed for the time of fracture healing, the rate of union of the flap, and subsidence or loosening of the stem. According to Chen et al, 20 Miner et al, 21 and Levine et al, 19 the fracture and osteotomy site was considered healed radiologically if callus was seen bridging the site in both the AP and lateral planes. Subsidence was measured using the technique of Callaghan et al 22 as described by others. [23] [24] [25] Subsidence was defined by a movement of at least 3 mm or if the interlocking screws broke. 13, 16, 17 Implant fixation of the femoral stem was evaluated radiologically by the criteria of Engh et al 26 (boneingrowth fixation, stable fibrous fixation, unstable fixation). There was a high reliability for the radiographic examinations, with an intrarater/intraclass correlation coefficient of 0.98 (95% confidence interval 0.96 to 1.00) and of 0.97 (95% confidence interval 0.95 to 0.99) between raters, respectively.
According to Beals and Tower, 27 the results were graded as excellent, good or poor. 19, 28, 29 The result was rated as excellent when the arthroplasty was stable and the fracture healed with minimal deformity and no shortening. The result was good when there was stable subsidence of the prosthesis, or when the fracture healed with moderate shortening or deformity. A poor result was defined as a loose prosthesis, painful or not, or a nonunion, new fracture, sepsis, severe shortening, or severe deformity.
The data were obtained prospectively and evaluated retrospectively. All patients had been informed pre-operatively of the study, and provided their consent. Ethical approval for the investigation had been granted.
Results
In all patients osseous consolidation of the periprosthetic fracture and the bony flap fashioned during the trans-HIP SUPPLEMENT TO THE BONE & JOINT JOURNAL femoral approach was seen within six months post-operatively (Fig. 1c) . The mean time to fracture healing was 15.5 weeks (SD 5.7; 10 to 24). According to the classification of Engh et al 26 concerning the biological fixation of the stem, there was bony-ingrowth fixation in all hips. In the patients with 3A defects, which could be managed without distal interlocking screws, the distal fixation zone in the isthmus of the femur measured a mean 4.6 cm (SD 1.4; 3.1 to 6.1) radiologically. No subsidence occurred during the followup. No breakage of the interlocking screws occurred in those hips where they were used.
No intra-operative complications were observed. During the removal of well-fixed cementless revision stems on three occasions, additional fracture fragments were produced, but these healed in the same period as the other fragments. There was one patient who developed deep vein thrombosis which was treated with low molecular weight heparin. No other complications occurred.
The mean intra-operative blood loss was 980 ml (SD 430; 470 to 2000). The mean HHS rose progressively following the operations: from a pre-operative score of 22.2 points (SD 9.7), to a mean of 61.2 points (SD 15.7) at three months, to 67.3 points (SD 14.4) after six months, 72.0 points (SD 15.6) after nine months, 75.9 points (SD 15.3) after 12 months, 78.9 points (SD 16.7) after 18 months and 81.5 points (SD 16.8) after 24 months.
All results of the current study were graded as excellent on the basis of Beals and Tower's classification. 27 
Discussion
When osteosynthesis fails in the management of Vancouver B1-fractures it is helpful to have an alternative treatment with predictable and reproducibly good results. If surgical/ technical errors have lead to the failure of treatment, such as using plates that are too short or screws inserted into the region of the fracture itself, then properly conducted reosteosynthesis is a promising procedure. [30] [31] [32] However, if the reasons for the failure are related to poor bone quality or to the nature of the fracture, options that involve reosteosynthesis with two plates or a combination of plate and strut graft are, in our opinion, unlikely to deliver desirable or reproducible results. 33 In such failures, we prefer to change the methodology and implant a modular revision stem, which, compared with plated osteosynthesis for Vancouver B1-fractures, is associated with a lower rate of complications in general. 11 The success rate for this technique would appear to be high. 11 Furthermore, plated osteosyntheses can only be subjected to partial loading, a requirement that is not always possible for elderly patients and might contribute to the failure of the osteosynthesis in the first place. 34 Even though we generally only recommended full weight-bearing after three months (to decrease the forces on the stem and the secured bony flap), theoretically in revision arthroplasty a greater load, perhaps up to full weight-bearing depending on the bone quality of the isthmus, is possible. In our study, five elderly patients obtained good results after immediately bearing full weight on the operated leg.
This study has shown that by adhering to a standardised surgical technique performing revision arthroplasty with a modified transfemoral approach and a modular, tapered, fluted, cementless revision stem made of titanium, satisfactory results could be reliably obtained with respect to healing rate of the fracture, stability of the stem, complication rate and clinical outcome.
Cementless prostheses with distal fixation have the advantage that the stems bridge the fracture and the point of fixation is remotely sited. Thus, the fixation and stability of the revision stem is not influenced by the quality of the osteosynthesis and the fracture itself can heal without being influenced by undesirable torsional effects on the fixation. Using a modular revision stem has the advantage that it is possible to achieve the two objectives of the revision operation in an independent manner. First, the distal component enables the solid fixation of the revision stem in the isthmus of the femur while bypassing the fracture and secondly, the proximal component can be used to adjust length and version of the stem. The excellent results of this study only serve to underline the advantages of this modular system. Some revision stems can also be combined with distal interlocking screws. In previous studies we have shown that distal interlocking screws are advantageous for additional distal fixation, when the distal cone-in-cone fixation is less than 3 cm, in the presence of bone defects of Paprosky types 3B and 4, or when the isthmus of the femur is fractured. 17, 35 In our opinion, the advantage of using the transfemoral approach for removal of the well-fixed stem and implantation of the revision stem lies in the removal of the stem without uncontrolled fractures, an ability to remove any residual cement easily, and in the ability to monitor the zone of fixation of the new prosthesis at all times. The disadvantages of this technique are increased surgical exposure for the extended trochanteric osteotomy and the creation of three fragments instead of the two that usually result from the fracture. However, neither our study, nor previously published studies, have reported any disadvantages of this method of surgical approach. [35] [36] [37] In a study of revision arthroplasty using the transfemoral approach in Vancouver B2 and B3 fractures we showed reproducible excellent results. 35 As mentioned by Berry, 36 when using this technique it is important to minimise stripping of soft tissue from the fragments in order to preserve the blood supply of the bone fragments.
The HHSs resulting from the re-operation are comparable with those following successful revision surgery of Vancouver B2 and B3 fractures. 35 The mean intra-operative loss of blood was approximately 1000 ml in the current study. Mulay et al 37 reported a similar blood loss with a mean of 940 ml during stem revision and 1700 ml during total revision. Others reported blood loss during revision surgery using the transfemoral approach between 1200 ml and 1680 ml. [38] [39] [40] We acknowledge the limitations of our study. First, we report a case series with no randomisation or control. This precludes the direct comparison of the change in methodology to results from re-osteosynthesis. Secondly this study is related to the relatively short minimal follow-up. Several studies did show that subsidence of cementless stems occurs between one and 12 months after the operation. 18, 23, 24, [41] [42] [43] [44] [45] Thus, the minimal observation period of two years in this study is adequate to attain the objectives of the study and corresponds to other investigations into periprosthetic fractures. 29, 36, 37, 46 However, the follow-up period does not allow any conclusions to be drawn about survival time of the revision stem. Thirdly, the reliability and accuracy of the radiographic analysis could be questioned. To minimise inter-observer measurement error, two experienced raters (the authors) independently analysed the radiographs. The methods of measurements have been used previously in a number of studies. [20] [21] [22] [23] [24] [25] 41 However, the length of the fixation zone for the revision stems was planned and measured solely on the AP radiographs because diagnostically reproducible lateral views of the whole femur in the presence of a fracture was not possible. In previous studies, 13, 14, 16, 17 this method has offered sufficient information to determine when additional interlocking screws for distal stem fixation are indicated. Finally we accept we cannot guarantee the fracture type was not misclassified as Vancouver B1 instead of B2, which could also explain the failure of the osteosynthesis.
In conclusion, our preferred method for the treatment of failed osteosynthesis following Vancouver type B1 fractures leads to reproducibly good results with respect to fixation of the prosthetic stem, and therefore subsidence, healing of the fracture, and clinical outcome. The extension of the incision and division of the proximal fragment that is an integral part of the transfemoral approach does not impair healing of the fracture, or the osteointegration of the stem. This technique enables the stem fixation to be monitored so that the surgeon can be certain firm distal component is obtained. We recommend this technique following failed osteosynthesis in Vancouver type B1 periprosthetic fractures that are not a result of surgical or technical errors.
Take home message:
-Revision arthroplasty via a transfemoral approach gives reproducible good results in failed osteosynthesis of Vancouver B1 periprothetic fractures of the femur.
-Revision arthroplasty via a transfemoral approach should be preferred if the primary osteosynthesis was performed correctly. This is an open-access article distributed under the terms of the Creative Commons Attributions licence (CC-BY-NC), which permits unrestricted use, distribution, and reproduction in any medium, but not for commercial gain, provided the original author and source are credited No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
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